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Abstract: Infective pleural effusions are mainly represented by parapneumonic effusions and
empyema. These conditions are a spectrum of pleural diseases that are commonly encountered
and carry significant mortality and morbidity rates reaching upwards of 50%. The causative etiol-
ogy is usually an underlying bacterial pneumonia with the subsequent seeding of the infectious
culprit and inflammatory agents to the pleural space leading to an inflammatory response and
fibrin deposition. Radiographical evaluation through a CT scan or ultrasound yields high specificity
and sensitivity, with features such as septations or pleural thickening indicating worse outcomes.
Although microbiological yields from pleural studies are around 56% only, fluid analysis assists
in both diagnosis and prognosis by evaluating pH, glucose, and other biomarkers such as lactate
dehydrogenase. Management centers around antibiotic therapy for 2–6 weeks and the drainage of the
infected pleural space when the effusion is complicated through tube thoracostomies or surgical inter-
vention. Intrapleural enzymatic therapy, used to increase drainage, significantly decreases treatment
failure rates, length of hospital stay, and surgical referrals but carries a risk of pleural hemorrhage.
This comprehensive review article aims to define and delineate the progression of parapneumonic
effusions and empyema as well as discuss pathophysiology, diagnostic, and treatment modalities
with aims of broadening the generalist’s understanding of such complex disease by reviewing the
most recent and relevant high-quality evidence.
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1. Introduction

Pleural effusions are commonly encountered in daily clinical practice with variable,
often clinically subtle, presentations. They have been estimated to affect over 1.5 million
patients annually in the United States [1]. More than 50 underlying etiologies of pleural
effusion are recognized, which contributes to the complexity of such disease. Congestive
heart failure is the most frequently encountered etiology, affecting around 500,000 patients
annually [2]. Effusions are classified as transudative and exudative effusions based on
Light’s criteria, which was established by Dr. Richard Light in 1972 after hypothesizing
the etiologies of pleural effusions in his intern year. While routine transudative and un-
complicated exudative effusions often readily resolve with the treatment of the underlying
condition, a subset presents as complicated effusions requiring intricate diagnostic and
therapeutic interventions. Overall, parapneumonic effusions and empyema are grouped
under the umbrella term of infectious pleural effusions [3]. Uncomplicated parapneumonic
effusions denote simple exudative effusions associated with pneumonia that often resolve
with antibiotic treatment alone. However, a subset of parapneumonic effusions become
complicated by the bacterial invasion of the pleural space as evidenced by the formation
of septations and other sonographic appearances that will be discussed later in this text.
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This can lead to frank empyema, characterized by purulent, loculated pleural fluid that fre-
quently necessitates drainage. The transition from uncomplicated parapneumonic effusion
to complicated parapneumonic effusions to empyema represents a dynamic continuum [3].

Compared to their uncomplicated counterparts, complicated parapneumonic effusions
have been associated with significantly higher mortality, longer hospitalizations, increased
healthcare costs, and worse patient-reported outcomes [1,4].

Those with indwelling pleural catheters, such as patients with recurrent malignant ef-
fusions, signify a high-risk group. A recent meta-analysis revealed that those patients carry
a 5.7% risk of pleural [5]. The median time to the occurrence of infection is 60 days, perhaps
reflecting the importance of post-insertion catheter care, education, and maintenance [6].

Pleural effusions and empyema secondary to tuberculosis represent unique and chal-
lenging diseases. Their occurrence is rare in developed countries [7,8]. Findings suggestive
of such diseases include a pleural fluid lymphocyte/neutrophil ratio of >0.75 in combina-
tion with elevated adenosine deaminase [7]. Regardless, their presence requires a longer
duration of treatment [7]. Details regarding the specific diagnosis and management of such
conditions will not be discussed in this text as they are infrequently encountered and often
require multi-disciplinary and specialized care.

The symptoms observed in patients with pleural space infection, including fever,
cough, malaise, dyspnea, and pleuritic chest pain, closely resemble pneumonia and un-
complicated parapneumonic effusions. Thus, maintaining a high level of suspicion and
ensuring a prompt, accurate diagnosis and management are crucial for favorable patient
outcomes. With the rapid nuances in this field, this review provides a detailed overview
of parapneumonic effusions and empyema, summarizing the literature on definition and
classification, epidemiology, pathophysiology, diagnostic evaluation, treatment modalities,
and prognostic factors of this diverse range of pleural diseases. Figure 1 summarizes a
clinical approach to evaluation and management, and each section will be discussed in
further detail in the text.Clin. Pract. 2024, 14, FOR PEER REVIEW  3 

 

 

 
Figure 1. A clinical approach to evaluation of parapneumonic pleural effusions commonly starts 
with radiographical testing such as chest X-ray, ultrasonography, or computed tomography. Fluid 
sampling is then pursued, which further guides interventions such as drainage and intrapleural 
enzymatic therapy. Broad spectrum, parenteral antibiotics should be administered promptly. 
Adapted from Shen K.R. et al. [9] and Roberts M.E. et al. [10]. 

Figure 1. A clinical approach to evaluation of parapneumonic pleural effusions commonly starts with
radiographical testing such as chest X-ray, ultrasonography, or computed tomography. Fluid sampling
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is then pursued, which further guides interventions such as drainage and intrapleural enzymatic
therapy. Broad spectrum, parenteral antibiotics should be administered promptly. Adapted from
Shen K.R. et al. [9] and Roberts M.E. et al. [10].

2. Methods

PubMed and Google Scholar databases were searched for articles from 1970 through
1 April 2024, using search terms for complicated pleural effusions, pleural infections,
empyema, and parapneumonic effusion. After carefully evaluating the abstracts, articles
containing advances in clinical evaluation, diagnosis and treatment were then accessed
and evaluated by the authors of this study. Articles were selected for inclusion based
on relevance to day-to-day clinical practice with emphasis on groundbreaking studies
as reflected in international guidelines. Randomized clinical trials, large longitudinal
observational studies, and more recent articles were prioritized. Bibliographies of retrieved
articles were analyzed for other relevant articles.

3. Definitions

Parapneumonic effusions are pleural fluid collections that usually arise as a conse-
quence of pneumonia and the ensuing pleural inflammatory response. These effusions are
traditionally categorized into uncomplicated, complicated, and empyema [11]. The term
“pleural infection” has also been suggested as a more comprehensive term, as about 30% of
pleural infections have no previously identified pneumonia [12].

Uncomplicated parapneumonic effusions are characterized by free-flowing inflam-
matory sterile effusions within the pleural space, while complicated effusions indicate
bacterial invasion and a more severe inflammatory response. Empyema, derived from
the Greek word “empyein” (meaning “to suppurate”), is characterized by the presence of
purulent material within the pleural cavity [13]. The term “frank empyema” is often used as
a reference to the observation of frank pus when draining the pleural space. The transition
from a parapneumonic effusion to empyema underscores the dynamic and overlapping
nature of these conditions as well as the lack of early recognition and treatment [6]. This
progression is accompanied by an array of clinical manifestations, including fever, chest
pain, and respiratory distress.

4. Epidemiology

Given the heterogeneity in the definition of infectious pleural effusions, estimates of
incidence and prevalence vary widely based on the parameters applied. A population-
based study in France found an annual incidence of complicated parapneumonic effusions
and empyema of approximately 2.5 cases per 100,000 adults, representing nearly 20% of all
community-acquired pneumonia cases [14]. On the contrary, up to 41% of patients who
were hospitalized with pneumonia developed a parapneumonic effusion, of which 5–10%
progressed to complicated empyema [15]. Regardless of the advances in therapy, Mummadi
et al. described a 37.5% relative increase in pleural infection-related hospitalization between
2007 and 2016 in the United States [16]. Substantial financial burdens are incurred when car-
ing for those with infectious pleural effusions. Hospital, pharmacy, and radiologic imaging
account for significant encountered [17]. Microbial culprits reflect the common etiologies of
pneumonia, with Streptococcus pneumoniae being the most common offending organism
isolated in empyema, though the prevalence of drug-resistant Staphylococcus aureus is
increasing [18]. It is noteworthy to mention that recent studies have revealed that pleural
fluid acts as a rich medium to support the growth of all relevant Streptococcus pneumoniae
strains; furthermore, such culprits have been reported to be much better adapted to grow
in pleural fluid than most other common respiratory pathogens, perhaps reflecting the epi-
demiological predominance [19]. Interestingly, pleural isolates from the subtopical region
were reported to have a higher incidence of Gram-negative organisms in comparison to
either of the topical regions [20]. Notably, not all infectious effusions are parapneumonic
and, in such cases, the organisms observed in the pleural space are not the same as those
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observed in lung parenchyma infections indicating different spread patterns [12]. It has
been reported that up to 5% of transudative effusions become complicated by secondary
infections [21].

5. Pathophysiology

The pleural cavity is a closed system composed of two pleural layers, visceral and
parietal. The normal pleural fluid production and absorption depends on the hydrostatic
and oncotic pressure gradients across the two pleural layers and the pleural space and is
principally mediated by the parietal pleura since it has higher hydrostatic pressures (fluid
production) and contains the lymphatic stomata responsible for fluid resorption [2]. In the
normal state, the pleural space contains 0.26 mL/kg of body weight of pleural fluid [22].

Parapneumonic effusions arise when the inflammatory reaction to pulmonary infec-
tion spreads across the visceral pleura into the pleural space, evoking fluid exudation
rich in neutrophils and proteins through increased capillary permeability mediated by
interleukin 8 and tumor necrosis factor-alpha. The progression of parapneumonic effu-
sions to empyema represents a continuum involving three phases, described as exudative,
fibrinopurulent, and organizing phases [23]. The evolution from exudative to fibrinopuru-
lent is mediated by dysregulated cytokine expression and polymorphonuclear leukocytes
increment in the pleural fluid leading to fibrin deposition [24]. As the infectious and inflam-
matory phases progress, fibrin clots and fibrin membrane deposition in the pleural cavity
ensues within 5 to 10 days, leading to fluid loculations [25]. If left untreated, fibroblastic
cells transform the fibrin deposits into a thick nonelastic pleural peel, resulting in what is
known as a trapped lung, which is manifested as restrictive respiratory dysfunction [26].
Bacterial invasion may then induce empyema, characterized by frank pus in the pleural
cavity, pneumatoceles, and pleural thickening or septations on imaging [3].

6. Diagnostic Evaluation

The diagnostic approach to complicated pleural effusions relies on a combination
of imaging, fluid analysis, and tissue sampling. Ultrasound enables the accessible, real-
time visualization of pleural fluid that can be used to safely guide thoracentesis, with
minimum detection thresholds around 5–10 mL [27]. However, its utility is operator-
dependent and limited for assessing underlying lung parenchyma distal to the effusion
and debris. Chest radiography has been historically used as initial screening given its
wide availability, though it requires approximately 150 mL of fluid before effusions become
apparent [27]. Computed tomography (CT) scanning optimally defines pleural fluid
contours, reveals accompanying lung pathologies, and identifies morphological features
suggesting complicated effusions. CT scans can detect effusions as small as 3–5 mL [28].
The thickening of the pleural membrane can reflect pleural disease, and other features that
suggest pleural infections include oblong configuration, split pleural signs, hypertrophy,
and the increased density of the extra-pleural fat [29]. When further comparing those
modalities, pleural ultrasound had a sensitivity of 69.2% (95% confidence interval (CI)
48.2–85.7%) and a specificity of 90.0% (CI 76.3–97.2%). Chest CT had a sensitivity of 76.9%
(CI 56.3–91.0%) and a specificity of 65.0% (CI 48.3–79.4%), thus, making ultrasound a
superior modality to rule in complicated pleural effusions. Notably, chest X-rays had
a lower sensitivity of 61.5% (CI 40.6–79.8%) and a specificity of 60.0% (CI 43.3–75.1%)
when compared to either modality [30]. It is noteworthy to mention that lateral decubitus
X-ray increases the detection threshold of effusions. Nonetheless, the role of X-ray in
diagnosing pleural effusions is limited in the era of the point-of-care ultrasound (POCUS),
as its diagnostic accuracy is still high even when performed by physicians with less POCUS
training [31]. Important characteristics indicating complicated parapneumonic effusions
include echogenic swirling (which implies strong exudate or pus) and fibrin strands,
visualized as septations or fully enclosed loculations [32].

The use of ultrasound to obtain pleural fluid samples has been supported by interna-
tional guidelines for over two decades, as it markedly increased diagnostic yield with a
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lower risk of pneumothorax over blind sampling [33]. Furthermore, the use of ultrasound
during thoracentesis can identify septations, which can indicate the inadequate evacuation
of pleural effusions and the need for further therapy. Furthermore, their presence raises
concerns for possible differences in pH between different fluid locules. Clinically significant
pH variations lead to diagnostic challenges [34].

Further modalities such as PET scans and MRI can image the pleura; however, they
have a limited role in the evaluation of infectious effusions. MRI imaging usually reveals
low signal on T1-weighted and high signal on T2-weighted in infectious effusions. It
is superior to CT in detecting pleural fluid septation and extra-pleural fat changes [29].
Further cytological analysis, cell counts with differentials, pH, glucose, and microbial stains,
and cultures are often obtained to aid in classifying effusions. Pleural fluid PH below 7.20,
glucose levels below 60 mg/dl, or lactate dehydrogenase that is more than three times the
upper limit of serum (or above 1000 U/L) remain the gold standard tests to differentiate
between complicated and uncomplicated parapneumonic effusions [Table 1 summarizes
such findings] [11].

Table 1. Characteristics of parapneumonic pleural effusions and empyema. Notably, the clinical
spectrum is heterogenous, and clinical overlap often exists. LDH = lactate dehydrogenase. Adapted
from Sorino et al. [6], Park et al. [11], and Mercer et al. [34].

Simple Parapneumonic
Effusion

Complicated Parapneumonic
Effusion Empyema

Gross appearance Clear fluid Clear fluid or turbid Purulent

Radiographical appearance Free flowing Septations and loculations
Septations, loculations,
pleural thickening, and split
pleura sign on CT

PH >7.2 <7.2 <7.2

Glucose g/dL >60 <60 <60

LDH U/L <1000 >1000 >1000

Fluid culture No growth No growth Positive growth

Treatment Antibiotics Antibiotics ± drainage Antibiotics and drainage

In cases of suspected pleural infection, microbiological confirmation is recommended
to guide antibiotic therapy given the rising prevalence of drug-resistant organisms [35]. The
yield from standard pleural culture was only 56% in a recently published systemic review of
over 10,000 patients; however, rates improve when fluid is inoculated into blood culture bot-
tles [20]. Culture positivity was not independently associated with mortality [36]. Medical
thoracoscopy remains the gold standard modality of diagnosis, enabling direct visual sam-
pling. Closed pleural biopsies exhibit comparable diagnostic yields; however, their utility
in clinical practice centers around confirming an etiological diagnosis of exudative pleural
effusion, particularly when malignancy is suspected [37]. When differentiating underlying
etiologies remains challenging after fluid analysis and closed biopsy, video-assisted thora-
coscopic (VATS) or open surgical lung biopsy may provide a definitive diagnosis through
extensive pleural visualization and large tissue sampling [38]. Studies have assessed a
wide array of pleural markers to aid in the diagnosis, differentiation, and progression
of parapneumonic pleural effusions. For instance, pleural fluid CRP has been thought
of as a sensitive marker to discriminate between complicated and uncomplicated parap-
neumonic effusions; however, its use has not been universally implemented [39]. Factors
such as Nicotinamide phosphoribosyltransferase (NAMPT), L-36γ, and pleural cytokines
have been shown to improve diagnostic accuracy; however, their availability is limited
to specialized centers [40–43]. Regardless, this diagnostic field is rapidly progressing and
multiple other markers such as the carcinoembryonic antigen, vascular endothelial growth
factor A, programmed death-ligand 1, neutrophil gelatinase-associated lipocalin, the trig-
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gering receptor expressed in myeloid cells type-1, gamma-interferon, and calprotectin were
evaluated but did not demonstrate advantages over the classic parameters [44].

7. Management

The management of complicated pleural effusions revolves around treating the un-
derlying etiology and directly removing infected fluid when indicated. Uncomplicated
parapneumonic effusions may resolve with antibiotics alone, while complicated parap-
neumonic effusions and empyemas often require drainage. The American Association for
Thoracic Surgery consensus guidelines suggest that diagnostic thoracentesis should be
performed on all parapneumonic effusions with a pleural fluid thickness of >1 cm on a
chest X-ray or >2 cm on a chest CT [9]. Multiple modalities of drainage can be utilized, such
as scheduled therapeutic thoracentesis, small-bore or large-bore chest tubes, video-assisted
thoracoscopic surgery (VATS), and open decortication. The most recent British Thoracic
Society Guideline for Pleural Disease discusses an algorithmic approach to pursuing thora-
costomy. Immediate thoracostomy is pursued if frank pus is observed upon thoracentesis.
Otherwise, immediate pH analysis should follow. Thoracostomies are recommended if pleu-
ral fluid pH < 7.20 or pH > 7.2 and <7.4 has an LDH > 900 IU/L pleural or fluid glucose of
<40 mg/dL [10]. Empiric intravenous antibiotic therapy should be initiated once the diagno-
sis is known or suspected and should not be delayed while awaiting diagnostic procedures.
Most antibiotics provide appropriate pleural penetration except for aminoglycosides [3].
Initial microbial coverage should target Streptococci, anaerobic bacteria if there is a sus-
picion of underlying aspiration, and Methicillin-resistant Staphylococcus aureus (MRSA)
and Pseudomonas when hospital-acquired infections are suspected. The Thoracic Surgery
guidelines recommend using a parenteral second- or third-generation cephalosporin (e.g.,
ceftriaxone) with metronidazole or parenteral aminopenicillin with β-lactamase inhibitor
(e.g., ampicillin/sulbactam) for community-acquired infections. While using vancomycin,
cefepime, and metronidazole or vancomycin and piperacillin/tazobactam (dosed for activ-
ity against P. aeruginosa) for hospital-acquired infections [9]. It is recommended to continue
anaerobic coverage even in situations where an anaerobic organism is not identified on
microbiological tests, due to the difficulties faced in culturing these organisms which
commonly infect the pleural space [23].

Similar antibiotic regimens are used in those who develop pleural infections with an
indwelling pleural catheter in place. Staphylococcus aureus is the most common pathogen
and is observed in about half of the cases. Other common agents include Pseudomonas
aeruginosa and Enterobacteriaceae [45]. Generally, catheters are kept in place whenever
an infection is suspected. However, the catheter should be removed if there is failure in
improvement with antibiotic therapy [6].

The optimal duration of treatment remains indeterminate. Physicians’ expertise, clinical
condition, comorbidities as well as response to treatment usually dictate duration; however,
most patients receive 2–6 weeks of antibiotics [9]. A common approach has been an initial
intravenous course of antibiotics of 5–7 days to dampen the initial systemic inflammatory
response and then transition to oral antibiotics [46,47]. A recently published trial assessing
antibiotic duration in low- and medium-risk pleural infections compared a longer therapy
duration of 34.5 days to a shorter duration of 20.5 days. Treatment failure occurred in 16.7%
of patients in the short-course group and 12.5% of patients in the long-course group. In the
intention-to-treat analysis, the odds ratio for treatment failure in the long-course group was
0.714 (95% CI 0.142–3.600, p = 0.683) [48]. The ODAPE trial was a noninferiority double-blind
randomized control trial assessing a 2-week versus 3-week antibiotic strategy, and it showed
excellent success rates in the group treated with a 2-week course, provided successful drainage
and clinical stability had been achieved [49]. However, both these trials had small sample
sizes of 50 and 55 patients, respectively, which calls for more high-quality methodological
evidence prior to implementing shorter course antibiotic treatment.

The utilization of intrapleural enzymatic therapy (IET) in patients who underwent
tube thoracostomies has gained significant traction over the past decade. Combination
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therapy with fibrinolytics and endonucleases such as tissue plasminogen activator (tPA)
and deoxyribonuclease (DNAse) administered through pleural catheters helps break down
loculations to decrease viscosity and increase drainage [50]. The introduction of IET led to
a paradigm shift in the treatment of pleural infections, as treatment success rates exceeded
90% while the failure rate of tube thoracostomy prior to the era of IET ranged from 9.4%
to 48% [51,52]. Significant morbidity benefits were observed with the introduction of
IET, for instance, length of hospital stay decreased by an average of 6.7 days (95% CI,
−12.0 to −1.9) as did the frequency of surgical referral (odds ratio of 0.17, 95% CI 0.03
to 0.87) [50]. More recently, Dr. Bedawi et al. conducted a multicenter randomized
clinical trial comparing IET to early VATS, and outcomes were in favor of IET as length
of hospital stay and readmission rates were similar when the two groups were compared.
Furthermore, compared with VATS, IET demonstrated a larger improvement in health-
related quality of life as measured by EuroQol five-dimension health utility index [53].
Optimal dosing has not been established yet; however, the currently used regimen is
derived from the original MIST 2 trial in which patients received a total of 10 mg of tPA and
5 mg of DNase intrapleurally twice a day in six doses [50]. However, such dosing might
not be optimal in all patients [54]. An international survey of 49 practicing physicians
involved in the management of pleural infections and who were either actively involved in
pleural research and publications or were members of relevant pleural disease guideline
panels observed a large variation in treatments offered [55]. The daily dosing of IET has
been retrospectively studied with the results suggesting the safety and practicality of
once-a-day dosing. However, the findings also suggested a higher surgical referral rate
to what has been previously reported in the literature [56,57]. Furthermore, a study by
Cheong et al. revealed that a modified regimen of 16 mg of tPA and 5 mg of DNase can
be safe and effective. Nonetheless, the study lacked a comparative arm to those receiving
the standard regimen [58]. Moreover, lower dose regimens have also been studied in
smaller retrospective and observational studies. Despite the lack of more robust clinical
guidelines, decreasing the dose of tPA to 5 mg also appeared to be safe and effective [59].
However, a large multicenter retrospective study of 1851 patients did not show a significant
decrease in bleeding risk, therefore bringing into question the clinical utility of a lower
dose regimen [60]. A randomized clinical trial assessing lower dose IET was initiated on
April of 2024 and is expected to be complete by 2027 (Clinical Trial Identifier NCT05766124).
On the other hand, the sequential administration of tPA and DNase is thought to be
pharmacologically safer than concurrent administration. However, one study revealed
no statistically significant difference between sequential or concurrent regimens in terms
of the volume of pleural fluid drained or adverse effects [61]. Safe practice has been to
hold systemic anticoagulation prior to administering IET as their use is associated with
a 4.1% risk of pleural hemorrhage [50,60]. Other notable adverse effects of IET include
pain and allergic reactions. The RAPID score has been shown to be a predictive marker in
intrapleural hemorrhage after receiving the IET [60]. The utility of the RAPID score will be
discussed in greater detail later in the text.

For decades, clinicians have been taught that the sun should never set on a complicated
parapneumonic effusion, indicating the importance of drainage. However, the optimal
size of chest tubes has been an area of debate, it was thought that larger-bore chest tubes
are superior as smaller-sized ones are more likely to be occluded. However, it has been
demonstrated that small bore (12–14 F) chest tubes are efficient as a first-line intervention,
as analysis of varying sizes (from <10 F to >20 F) showed no difference in death, need for
thoracic surgery, length of hospital stay, chest radiograph appearance, or lung function
at three months [62,63]. Additionally, patient-reported outcomes were not in favor of
large-bore chest drains due to the increased pain. The optimum timing of the chest tube
removal depends on patients’ clinical condition, characteristics, and the volume of the
draining fluid. Experts recommend that tubes should be left in place until the fluid becomes
clear yellow and non-purulent with volume thresholds ranging from 200 mL per day to



Clin. Pract. 2024, 14 877

500 mL per day [64]. It is recommended to remove chest tubes at the end of the expiration
phase during the Valsalva maneuver [65].

A nationwide epidemiological analysis of pleural infections revealed that 64.9% of
patients who underwent management with tube thoracostomy did not require a second
therapeutic intervention [66]. However, surgical candidacy should be explored if patients
are persistently septic despite chest tube drainage and antibiotics or if there is failure
of chest tube drainage, antibiotics, and fibrinolytics [67]. Overall, surgical treatment
is pursued in 36–65% of patients [6]. Historically, open thoracotomy was the surgical
treatment of choice. In the current era, VATS decortication is preferred given similar results
in terms of improvement, and superior outcomes in terms of decreased length of stay,
morbidity, operative time, post-operative pain and air leaking, duration of chest drainage,
and early return to daily activities [68]. The success rate of VATS is reported to range
between 82–92% [69]. In the General Thoracic Surgery Database, complications occurred in
2875 patients (39.3%) and major morbidity occurred in 1138 patients (15.6%) undergoing
VATS. Mortality was reported in 3.1% of patients [70]. Open thoracotomy is performed
when a more complete decortication is required. A metanalysis performed by Pan et al.
revealed that the rate of conversion of VATS to open thoracotomy to range between 8.7% to
59%, with factors such as delayed referral, Gram-negative bacteria, and surgeon experience
often affecting conversion rates [71].

8. Emerging Therapies

The European Respiratory Society and the European Society of Thoracic Surgeons
discuss the use of intrapleural antibiotics in their latest guidelines [53]. Direct pleural
irrigation with antibiotics may have the theoretical advantage of reducing systemic side
effects and antibiotic resistance. In current practice, intrapleural antibiotics are reserved
for managing post-lung resection pleural infections [72]. On the other hand, intrapleural
saline irrigation has been shown to yield superior resolution of CT pleural fluid volume
and reduce surgical referrals and no randomized trials exist to this day; however, its use
might be considered on a case-by-case basis if IET are contraindicated or there is a higher
risk for bleeding [73].

Steroid therapy has been suggested as an additional treatment to help control the
inflammatory response and halt the progression of parapneumonic effusion. The STOPPE
trial compared dexamethasone to the placebo but did not show any improvement in terms
of the quicker normalization of vital signs, improvement in inflammatory markers, or
changes in radiographic pleural opacification. Steroid associated adverse effects were
observed in the dexamethasone arm [74].

9. Prognosis and Outcomes

The overall healthcare burden associated with intrapleural infections is significant.
It has been reported that 25% of patients require prolonged hospital stays of longer than
1 month, with a median hospital stay of 12–15 days [75]. In those undergoing VATS
decortication, the median post-operative length of stay was 7 days.

The RAPID score, derived from the MIST 1 trial, is a prognostic score used to pre-
dict 3-month mortality [76]. It calculates baseline serum urea, patient age, pleural fluid
purulence, infection source (community-acquired infection versus hospital-acquired in-
fection), and serum albumin. The score categorizes patients into low-risk (RAPID score
0–2), medium-risk (RAPID score 3–4), and high-risk (RAPID score 5–7) groups, which
were associated with mortality rates at 3 months of 3%, 9%, and 31%, respectively, in a
prospective validation trial [75]. Overall mortality rates attributable to infectious pleural
effusions range from 10–50%, with empyema conferring the highest mortality risk [77,78].
Low pleural fluid pH, high sepsis biomarker levels, and the need for surgical decortication
predict worse outcomes [79]. There has been a substantial decrease in healthcare utiliza-
tion, including inpatient use, length of stay, and costs over the past decade. Furthermore,
inpatient mortality also decreased [67]. Thereafter, patient counseling on realistic prognosis
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based on clinical factors and response to initial interventions ensures aligned expectations
and goals of care.

10. Areas for Future Research

Multiple knowledge gaps persist despite the rapid evolvement in this field. The
evaluation of host factors contributing to unfavorable outcomes would provide significant
insight into appropriate management strategies and whether expedited surgical referral
is required. Diagnostic uncertainty and low microbiological yields require the further
evaluation of pleural sepsis biomarkers and studying modalities such as multiplex PCR
and 16S rRNA gene sequencing. Additionally, investigating the role of viruses in pleural
infections might lead to therapeutic advancements.

As far as potential research opportunities in treatment options are concerned, evaluat-
ing the optimal dosing and schedule for IET is of utmost significance. Methodologically
sound, high-quality studies are needed to dictate future care due to the variability of prac-
tice patterns once it comes to patients with a higher risk of bleeding. Additionally, little is
known regarding the longer-term outcomes of pleural infections beyond 12 months. Such
data would provide useful insight into long-term care planning.

Lastly, the risk stratification of patients according to the RAPID score can potentially
raise the opportunity for risk group-specific tailored treatment. Specific research questions
can include whether repeat thoracentesis safely substitutes tube thoracostomies and the
outpatient management of low-risk patients.

11. Conclusions

Infectious pleural effusions carry significant mortality and morbidity burdens. Eval-
uation often starts with ultrasound due to its enhanced sensitivity and specificity when
compared to chest X-Rays. Source control, obtained through the drainage of the pleural
space, is of paramount importance along with antibiotic treatment. The introduction of
IET over the past decade has led to a paradigm shift in treatment further translating into a
decrease in healthcare utilization, surgical referrals, and overall mortality. However, further
research is needed to enhance diagnostic and therapeutic modalities.
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